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(54) BATTERY MODULE AND BATTERY PACK

(57) The present disclosure provides a battery mod-
ule having more improved safety than the conventional
battery pack and capable of protecting the battery cells
more reliably. The current value at which a cell blocking
portion CB inside each of a plurality of battery cells BC
interrupts a current path inside the battery cell BC is larger
than the current value at which the module fuse MF con-
nected in series to the module terminals MT and the plu-
rality of battery cells BC blows out.
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Description

Technical Field

[0001] The present disclosure relates to a battery mod-
ule including a plurality of battery cells, and a battery pack
including the battery module.

Background Art

[0002] Conventionally inventions about a battery pack
have been known, the battery pack having an assembled
battery fuse connected to battery cells and a battery pack
fuse connected to a battery unit, and the battery pack
fuse has a constant set so that the battery pack fuse
blows out faster than the assembled battery fuse (see
Patent Literature 1). The invention described in Patent
Literature 1 relates to a battery pack to be mounted on
a vehicle, including the battery unit and the battery pack
fuse, and has the following configuration (see the docu-
ment, claim 1, for example).
[0003] The battery unit includes a plurality of assem-
bled batteries each having battery cells and an assem-
bled battery fuse connected in series to the battery cells.
The battery pack fuse is connected in series to the battery
unit, and has a constant set so as to blow out faster than
the assembled battery fuse when a current exceeding
the rating flows through the battery unit. The battery pack
fuse is placed above the battery unit in the vertical direc-
tion.
[0004] With this configuration, the battery pack fuse is
placed outside the case, and so a user does not have to
remove a part of the case or do the work in the limited
space inside the case, and so replaces the battery pack
fuse easily (see the document, paragraph 0008, for ex-
ample). This conventional battery pack therefore allows
a user to easily replace the battery pack fuse connected
in series to the battery unit (see this document, paragraph
0015, for example).

Citation List

Patent Literature

[0005] Patent Literature 1 JP 2015-022959 A

Summary of Invention

Technical Problem

[0006] To meet higher safety standards for battery
packs, highly safety and more reliable protection of bat-
tery cells are required. The present disclosure provides
a battery module having more improved safety than in
the conventional battery pack and capable of protecting
the battery cells more reliably, and provides a battery
pack including the battery module.

Solution to Problem

[0007] One aspect of the present disclosure is a battery
module including: a plurality of battery cells; a cell block-
ing portion in a current path inside each of the plurality
of battery cells, the cell blocking portion being configured
to interrupt the current path in response to a current of a
predetermined current value or higher flowing through
the current path; a pair of module terminals connected
to the plurality of battery cells; and a module fuse con-
nected in series to the pair of module terminals and the
plurality of battery cells. A current value at which the cell
blocking portion interrupts the current path is larger than
a current value at which the module fuse blows out.

Advantageous Effects of Invention

[0008] The one aspect of the present disclosure pro-
vides a battery module having more improved safety than
in the conventional battery pack and capable of protect-
ing the battery cells more reliably, and provides a battery
pack including the battery module.

Brief Description of Drawings

[0009]

Fig. 1 is a schematic circuit diagram of a battery pack
according to one embodiment of the present disclo-
sure.
Fig. 2 is a graph showing the relationship between
the current value I and the time T at the time of current
interruption of a pack fuse, module fuses, and cell
blocking portions of the battery pack shown in Fig. 1.
Fig. 3 is a graph showing the relationship between
the current value I and the time T at the time of current
interruption of a pack fuse, module fuses, and cell
blocking portions of the battery pack shown in Fig. 1.
Fig. 4 is an external perspective view of a battery
module according to one embodiment of the present
disclosure.
Fig. 5 is an exploded perspective view of the battery
module in Fig. 4.
Fig. 6 is a perspective view of a bus bar connecting
the battery cells of the battery module shown in Fig.
5.
Fig. 7 is a perspective view of a bus bar making up
a module terminal of the battery module in Fig. 4.
Fig. 8 is a perspective view of a battery cell making
up the battery module shown in Fig. 5.
Fig. 9 is an exploded perspective view of the battery
cell in Fig. 8.
Fig. 10 is an enlarged cross-sectional view of the
battery cell taken along the line X-X of Fig. 8.
Fig. 11 is an exploded perspective view of a current
interruption valve shown in Fig. 10.
Fig. 12 is an exploded perspective view of a storage
element of the battery cell shown in Fig. 9.
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Description of Embodiments

[0010] The following describes one embodiment of a
battery module and a battery pack including the battery
module according to the present disclosure with refer-
ence to the drawings.
[0011] Fig. 1 is a schematic circuit diagram of battery
modules BM and a battery pack BP including these bat-
tery modules according to one embodiment of the
present disclosure. Figs. 2 and 3 are graphs showing the
relationship between the current value I and the time T
at the time of current interruption of a pack fuse PF, mod-
ule fuses MF, and cell blocking portions CB of the battery
pack BP shown in FIG. 1. Figs. 2 and 3 indicate the re-
lationships between the current value I and the time T at
the time of current interruption of the pack fuse PF, the
module fuses MF, and the cell blocking portions CB with
the broken line, the alternate long and two short dashes
line, and the solid line, respectively.
[0012] The battery module BM and the battery pack
BP of the present embodiment are mounted on a vehicle,
such as an electric vehicle (EV) or a hybrid vehicle (HV),
and makes up an in-vehicle power storage system that
stores the supplied electric energy and supply the stored
electric energy to electric devices of the vehicle. Although
the details will be described later, the battery pack BP
and the battery module BM of the present embodiment
have the following configuration as the main features.
[0013] Each battery module BM includes a plurality of
battery cells BC, cell blocking portions CB, a pair of mod-
ule terminals MT, and a module fuse MF. Each cell block-
ing portion CB is in a current path inside the correspond-
ing battery cell BC, and interrupts the current path when
a current of a predetermined value or higher flows
through the current path. The pair of module terminals
MT is connected to the plurality of battery cells BC. The
module fuse MF is connected in series to the pair of mod-
ule terminals MT and the plurality of battery cells BC. As
shown in Figs. 2 and 3, the battery module BM is config-
ured so that the current value at which the cell blocking
portion CB interrupts the current path is larger than the
current value at which the module fuse MF blows out.
[0014] The battery pack BP includes the battery mod-
ules BM and a pack fuse PF connected in series to the
battery modules BM. Each battery module BM includes
a plurality of battery cells BC, cell blocking portions CB,
a pair of module terminals MT, and a module fuse MF.
Each cell blocking portion CB is in a current path inside
the corresponding battery cell BC, and interrupts the cur-
rent path when a current of a predetermined value or
higher flows through the current path. The pair of module
terminals MT is connected to the plurality of battery cells
BC. The module fuse MF is connected in series to the
pair of module terminals MT and the plurality of battery
cells BC. As shown in Figs. 2 and 3, the battery pack BP
is configured so that the current value at which the mod-
ule fuse MF blows out is larger than the current value at
which the pack fuse PF blows out, and so that the current

value at which the cell blocking portion CB interrupts the
current path is larger than the current value at which the
module fuse MF blows out.
[0015] In one example, as shown in Fig. 3, the battery
pack BP is configured so that the current value at which
the module fuse MF blows out is larger than the average
value of the current value at which the cell blocking por-
tion CB interrupts the current path and the current value
at which the pack fuse PF blows out. In one example,
the battery pack BP includes a plurality of battery mod-
ules BM and a pack fuse PF connected in series to the
plurality of battery modules BM. The following describes
the configuration of the battery module BM and the bat-
tery pack BP of the present embodiment in detail.
[0016] Fig. 4 is an external perspective view of the bat-
tery module BM according to one embodiment of the
present disclosure. Fig. 5 is an exploded perspective
view of the battery module BM in Fig. 4. In one example,
the battery module BM has a substantially cuboid shape.
The following may describe various parts of the battery
module BM with reference to the rectangular coordinate
system having the x-axis direction in the longitudinal di-
rection, i.e., the length direction of the battery module
BM, the γ-axis direction in the width direction of the battery
module BM, and the z-axis direction in the height direction
of the battery module BM.
[0017] In one example, the battery module BM includes
a housing M10, a plurality of battery cells BC, bus bars
M20, a pair of module terminals MT, and an electronic
circuit board not illustrated.
[0018] In one example, the housing M10 has a plurality
of cell holders M11, a pair of end plates M12, a pair of
side plates M13, an insulation cover M14, and a module
cover M15.
[0019] In one example, the cell holders M11 are made
of a resin material, such as polybutylene terephthalate
(PBT). In one example, each cell holder M11 intervenes
between mutually adjacent flattened rectangular battery
cells BC stacked in the thickness direction (x-axis direc-
tion), so that the cell holders M11 hold the corresponding
battery cell BC to sandwich it from both sides in the thick-
ness direction. The cell holders M11 as a pair that are at
both ends of the plurality of battery cells BC in the stacking
direction (x-axis direction) each have screw holes to con-
figure a pair of module terminals MT, which are external
terminals of the battery module BM, for example.
[0020] In one example, the pair of end plates M12 in-
cludes plate members made of metal. The pair of end
plates M12 is disposed at both ends of the plurality of
battery cells BC via the pair of cell holders M11 disposed
at both ends of the plurality of battery cells BC in the
stacking direction (x-axis direction). The end plates M12
as a pair have their one faces that are opposed to sand-
wich the plurality of battery cells BC held at the cell hold-
ers M11. The other faces of the end plate M12 are di-
rected to the outside that are on the other side relative
to the battery cells BC, and have a cylindrical fixing part.
In one example, the battery module BM is fixed to a struc-
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ture, such as a vehicle, via bolts inserted through these
fixing parts of the end plates M12.
[0021] The pair of side plates M13 is disposed at both
ends of the battery module BM in the width direction (y-
axis direction) via the cell holders M11. In one example,
the side plates M13 as a pair are metal members each
having a substantially rectangular shape, and are mutu-
ally opposed at both ends of the battery module BM in
the width direction (y-axis direction). In one example, the
side plates M13 as a pair are substantially oblongs, hav-
ing the long-side direction, i.e., longitudinal direction in
the length direction (x-axis direction) of the battery mod-
ule BM and the short-side direction, i.e., transverse di-
rection in the height direction (z-axis direction) of the bat-
tery module BM. The pair of side plates M13 are fastened
at both ends in the longitudinal direction to the pair of end
plates M12 by fasteners, such as rivets and bolts, and
engage with recess-like grooves of the cell holders M11
at both ends in the transverse direction.
[0022] In one example, the insulation cover M14 is a
plate member made of resin, such as PBT, having an
electrical insulating property, and is opposed to the upper
end face of the cell container C10 of each battery cell BC
having the cell terminals CT. The insulation cover M14
has openings to expose the upper end faces of the cell
terminals CT of the plurality of battery cells BC, and a
partition wall for insulation between the cell terminals CT
of the mutually adjacent cell blocking portions CB and
between the mutually adjacent bus bars M20. In one ex-
ample, the partition wall of the insulation cover M14 is
disposed so as to surround the cell terminals CT of the
battery cells BC and the bus bars M20. Various types of
electric wiring are placed on the insulation cover M14 to
connect to the battery cells BC and the electronic circuit
board.
[0023] In one example, the electronic circuit board not
shown is disposed between the insulation cover M14 and
the module cover M15, i.e., on the other side of the in-
sulation cover M14 relative to the battery cells BC in the
height direction (z-axis direction) of the battery module
BM. In one example, the electronic circuit board is con-
nected to the bus bars M20 via insulated wire.
[0024] In one example, the module cover M15 is a plate
member made of resin, such as PBT, having an electrical
insulating property. The module cover M15 is disposed
at the upper end of the housing M10 on the other side of
the battery cells BC in the height direction (z-axis direc-
tion) of the housing M10 so as to cover the module cover
M15 and the electronic circuit board. The module cover
M15 has terminal covers at the positions corresponding
to the module terminals MT at both ends of the plurality
of battery cells BC in the stacking direction (x-axis direc-
tion), and the terminal covers cover the module terminals
MT from the above. In one example, the module cover
M15 is fixed to the upper part of the insulation cover M14
by engaging the hooks on the outer peripheral frame por-
tion of the insulation cover M14 with the side edge of the
module cover M15.

[0025] Fig. 6 is a perspective view of an intermediate
bus bar M21 connecting the battery cells BC of the battery
module BM shown in Fig. 5. Fig. 7 is a perspective view
of an end bus bar M22 making up the module terminal
MT of the battery module BM shown in Fig. 4. In one
example, the bus bars M20 include a plurality of interme-
diate bus bars M21 and a pair of end bus bars M22. The
bus bars M20 connect a plurality of battery cells BC and
make up a pair of module terminals MT.
[0026] Specifically the intermediate bus bars M21 con-
nect the plurality of battery cells BC, and are welded to
the upper end faces of the cell terminals CT of battery
cells BC that are exposed through the openings of the
insulation cover M14, for example. In one example, these
intermediate bus bars M21 each connect to the positive
cell terminal CT of one of the corresponding mutually
adjacent battery cells BC in the stacking direction and to
the negative cell terminal CT of the other battery cell BC,
so as to connect all of the battery cells BC in series.
[0027] In one example, the pair of end bus bars M22
connects to two battery cells BC at both ends in the stack-
ing direction of the plurality of battery cells BC connected
via the intermediate bus bars M21, and are welded to the
positive cell terminal CT of one of the two battery cells
and to the negative cell terminal CT of the other battery
cell BC. In one example, the end bus bars M22 as a pair
are fixed with bolts inserted through the screw holes of
the pair of cell holders M11 disposed at both ends of the
plurality of battery cells BC in the stacking direction (x-
axis direction), to configure the pair of module terminals
MT of the battery module BM.
[0028] In one example, each bus bar M20 includes a
substantially rectangular metal plate having the longitu-
dinal direction in the stacking direction (x-axis direction)
of the plurality of battery cells BC and the transverse di-
rection in the width direction (y-axis direction) of the bat-
tery cells BC, and this metal plate is bent in the height
direction (z-axis direction) of the battery cells BC. In one
example, the bus bar M20 has a narrow portion M23 hav-
ing the smallest cross-sectional area along the trans-
verse direction at an intermediate portion in the longitu-
dinal direction, so as to configure a module fuse MF.
[0029] More specifically, in one example, the bus bar
M20 has a slot extending in the transverse direction at a
corner of a bend at a substantially right angle that is in
the middle portion in the longitudinal direction, so as to
define the narrow portion M23. The narrow portion M23
includes parts on both sides of the slot and has a smallest
cross-sectional area along the transverse direction. That
is, in one example, the module fuse MF of the battery
module BM of the present embodiment is the narrow por-
tion M23 of each of the bus bars M20 connecting to the
cell terminals CT of the plurality of battery cells BC.
[0030] The narrow portion M23 having the smallest
cross-sectional area along the transverse direction of the
bus bar M20 is not limited to the configuration disposed
on both sides of the slot extending in the transverse di-
rection. In another example, the narrow portion M23 of
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the bus bar M20 may be defined by forming a cut-out in
the transverse direction at the middle portion in the lon-
gitudinal direction or forming a plurality of through holes
in the transverse direction. The narrow portion M23 of
the bus bar M20 making up the module fuse MF may be
disposed at at least any one of the intermediate bus bars
M21 and the end bus bars M22.
[0031] Fig. 8 is a perspective view of a battery cell BC
making up the battery module BM shown in Fig. 5. Fig.
9 is an exploded perspective view of the battery cell in
Fig. 8. In one example, the battery cell BC includes a cell
container C10, a storage element C20, a pair of cell ter-
minals CT, a pair of connection terminals C30, and a
current interruption valve C40.
[0032] The cell container C10 is a generally cuboid and
flattened container, having a bottomed square tubular
cell case C11 having an opening at the top and a rectan-
gular plate-shaped cell lid C12 sealing the opening at the
top of the cell case C11. In one example, the cell container
C10 is made of a metal material, such as aluminum or
an aluminum alloy.
[0033] The pair of cell terminals CT is placed on the
outside of the cell container C10 at both ends of the upper
face of the cell lid C12 in the width direction of the cell
container C10, that is, in the longitudinal direction of the
cell lid C12. A resin gasket C13 having an electrical in-
sulating property is placed between each cell terminal
CT and the cell lid C12, and so the cell terminal CT is
electrically insulated from the cell lid C12.
[0034] In one example, the cell lid C12 has a gas re-
lease valve C14 and a filling port C15 between the pair
of cell terminals CT. In one example, the gas release
valve C14 is formed by thinning the cell lid C12 to form
a groove-like slit. When the pressure inside the cell con-
tainer C10 rises above a predetermined value, the gas
release valve C14 opens to release the gas inside, and
so reduces the pressure inside the cell container C10.
The filling port C15 is for pouring a non-aqueous electro-
lyte into the cell container C10. In one example, a plug
C16 may be welded there by laser welding for sealing of
the filling port C15.
[0035] In one example, a pair of connection terminals
C30 is fixed to a surface of the cell lid C12 facing the
inside of the cell container C10 at both ends in the lon-
gitudinal direction of the cell lid C12 via insulating resin
members C17 and C18 having an electric insulating prop-
erty. The connection terminals C30 as a pair each have
a base C31 fixed to the insulating member C17, C18 and
facing the cell lid C12, and a terminal portion C32 ex-
tending from one end of the base C31 toward the bottom
of the cell case C11. In one example, the cross-sectional
area of at least one of the terminal portions C32 of the
pair of connection terminals C30 may be locally reduced,
and such a locally reduced part may function as a cell
blocking portion CB as a cell fuse that blows out when a
current of a predetermined current value or higher flows
through the current path inside the battery cell BC.
[0036] Fig. 10 is an enlarged cross-sectional view of

the battery cell taken along the line X-X of Fig. 8. Fig. 11
is an exploded perspective view of the current interrup-
tion valve C40 shown in Fig. 10.
[0037] In one example, the current interruption valve
C40 is in a current path inside the corresponding battery
cell BC, and is a cell blocking portion CB that interrupts
the current path when a current of a predetermined value
or higher flows through the current path. In one example,
the current interruption valve C40 includes a conductive
plate C41 and a diaphragm C42, and electrically con-
nects the cell terminal CT and the connection terminal
C30. The conductive plate C41 is an oval conductive
plate member whose major axis direction is in the width
direction (y-axis direction) of the battery cell BC, and is
fixed to the cell lid C12 via the insulating member C18.
[0038] More specifically, the cell terminal CT has a cy-
lindrical shaft that penetrates through a through hole of
the cell lid C12 and a through hole of the conductive plate
C41. The shaft of the cell terminal CT is inserted into a
gasket C19 and so is electrically insulated from the cell
lid C12. The shaft of the cell terminal CT is plastically
deformed for swaging at the tip end to have an expanded
diameter to fix the conductive plate C41 and the insulating
member C18 to the cell lid C12 and to electrically con-
nects to the conductive plate C41.
[0039] In one example, the connection terminal C30,
which makes up a part of the current interruption valve
C40, has a connection C33 connected to the base C31.
The base C31 and the connection C33 are plate-shaped
portions that are substantially parallel to the cell lid C12,
and each has a plurality of through holes. In one example,
the connection terminal C30 is fixed to the cell lid C12
via the insulating member C18 by inserting protrusions
of the insulating member C18 into the through holes of
the base C31 and the connection C33, and heating the
tip ends of these protrusions to expand their diameters
for thermal swaging. The face of the connection C33 of
the connection terminal C30 facing the diaphragm C42
has a recess for accommodating a part of the diaphragm
C42, and the recess has an annular groove C34 at the
bottom.
[0040] The diaphragm C42 is a conductive metal mem-
ber, and has a bowl shape having a depth in the height
direction (z-axis direction) of the battery cell BC perpen-
dicular to the cell lid C12. The center part of the bowl
shape bulges toward the connection C33 of the connec-
tion terminal C30 from the peripheral edge. In one exam-
ple, the portion at the center part of the diaphragm C42
bulging toward the connection C33 is bonded to the con-
nection C33 by laser welding inside the annular groove
C34 of the connection C33, and is electrically connected
to the connection C30. The diaphragm C42 has a periph-
eral edge engaged with a groove of the conductive plate
C41, and then is bonded to the conductive plate C41 over
the entire circumference by laser welding, for example,
to be electrically connected to the conductive plate C41.
[0041] As shown in Fig. 9, in one example, the current
interruption valve C40 is placed in the current path be-
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tween the positive cell terminal CT and the positive con-
nection terminal C30. In this case, no current interruption
valve C40 is placed between the negative cell terminal
CT and the negative connection terminal C30. In this
case, the shaft of the negative cell terminal CT is inserted
into the through hole of the cell lid C12, the through hole
of the insulating member C17, and the through hole of
the base C31, and then is expanded at the tip end, so as
to fix the negative connection terminal C30 to the cell lid
C12 via the insulating member C17, and electrically con-
nect the negative connection terminal C30 to the negative
cell terminal CT.
[0042] Fig. 12 is an exploded perspective view of the
storage element C20 of the battery cell shown in Fig. 9.
The storage element C20 is a wound electrode group
prepared by stacking strip-shaped positive electrode
C21, separator C23, negative electrode C22, and sepa-
rator C24 and winding them around the winding axis D
and shaping it as a flattened form. The separators C23
and C24 insulate between the positive electrode C21 and
the negative electrode C22, and the separator C24 is
also wound on the outside of the negative electrode C22
at the outermost circumference.
[0043] The positive electrode C21 has a positive-elec-
trode foil C211 as a positive current collector, and a pos-
itive-electrode mixture layer C212 made of a positive-
electrode active material mixture coated on both faces
of the positive electrode C21. The positive-electrode mix-
ture layer C212 is not formed on one side of the positive
electrode C21 in the width direction, and this portion is a
foil exposed portion C213 where the positive-electrode
foil C211 is exposed. The positive electrode C21 is wound
around the winding axis D while placing the foil exposed
portion C213 on the opposite side of a foil exposed por-
tion C223 of the negative electrode C22 in the winding-
axis D direction.
[0044] The negative electrode C22 has a negative-
electrode foil C221 as a negative current collector, and
a negative-electrode mixture layer C222 made of a neg-
ative-electrode active material mixture coated on both
faces of the negative electrode C221. The negative-elec-
trode mixture layer C222 is not formed on one side of the
negative electrode C22 in the width direction, and this
portion is the foil exposed portion C223 where the neg-
ative-electrode foil C221 is exposed. The negative elec-
trode C22 is wound around the winding axis D while plac-
ing the foil exposed portion C223 on the opposite side of
the foil exposed portion C213 of the positive electrode
C21 in the winding-axis D direction.
[0045] The foil exposed portions C213 and C223 of the
positive electrode C21 and the negative electrode C22
are bundled at the flat portions of both ends of the storage
element C20 in the winding axis D direction, and are
bonded to the terminal portions C32 of the positive and
negative connection terminals C30, respectively, shown
in Fig. 9 by resistance welding or ultrasonic joining, for
example. As a result, the cell terminals CT of the positive
electrode and the negative electrode are electrically con-

nected to the positive electrode C21 and the negative
electrode C22 of the power storage element C20 via the
connection terminals C30 of the positive electrode and
the negative electrode, respectively.
[0046] The storage element C20 bonded to the termi-
nal portions C32 of the connection terminals C30 and
supported by the cell lid C12 is stored in the cell case
C11 while inserting an insulating sheet (not shown) be-
tween the storage element C20 and the cell case C11.
The opening of the cell case C11 is closed by the cell lid
C12, and the entire circumference of the cell lid C12 is
bonded to the opening of the cell case C11 by laser weld-
ing, for example. As a result, the opening of the cell lid
C12 is sealed by the cell case C11 to obtain the cell con-
tainer C10 including the cell lid C12 and the cell case
C11. After that, a non-aqueous electrolyte is poured into
the cell container C10 through the filling port C15 of the
cell lid C12, and the plug C16 is bonded to the filling port
C15 by laser welding, for example, for sealing, whereby
the battery cell BC shown in FIG. 8 is obtained.
[0047] The following describes the operation of the bat-
tery module BM and the battery pack BP of the present
embodiment.
[0048] As described above, the battery module BM and
the battery pack BP of the present embodiment are
mounted on a vehicle, such as an EV or a HV, and stores
the supplied electric energy and supplies the stored elec-
tric energy to electric devices, such as a motor, of the
vehicle. That is, as shown in Fig. 1, the battery pack BP
is connected to an electric load EL, such as a motor.
[0049] As described above, the battery pack BP of the
present embodiment includes the battery modules BM
and the pack fuse PF connected in series to the battery
modules BM. The battery modules BM and the battery
pack BP of the present embodiment have the following
configuration as the features. Each battery module BM
includes a plurality of battery cells BC, cell blocking por-
tions CB, and a module fuse MF. Each cell blocking por-
tion CB is in a current path inside the corresponding bat-
tery cell BC, and interrupts the current path when a cur-
rent of a predetermined value or higher flows through the
current path. The module fuse MF is connected in series
to a pair of module terminals MT connected to a plurality
of battery cells BC and to the pair of module terminals
MTs and the plurality of battery cells BC. The battery
pack BP is configured so that the current value at which
the module fuses MF blow out is larger than the current
value at which the pack fuse PF blows out, and the current
value at which the cell blocking portions CB interrupt the
current paths inside the battery cells BC is larger than
the current value at which the module fuses MF blow out.
[0050] With this configuration, if short-circuit of the
electrical load EL causes a current exceeding the rating
to flow through the battery pack BP, the pack fuse PF
blows out at a low current value in a shorter time than
the module fuses MF or the cell blocking portions CB to
interrupt the current as shown in Fig. 2 or Fig. 3. This
configuration reduces blowout of the module fuses MF
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and interruption of the current by the cell blocking portion
CB, and so the battery modules BM and the battery pack
BP have more improved safety than the conventional
ones. The battery cells BC also can be protected more
reliably.
[0051] The battery pack BP of the present embodiment
includes a plurality of battery modules BM. The pack fuse
PF is connected in series to the plurality of battery mod-
ules BM. This configuration allows the pack fuse PF to
interrupt the current path between the electrical load EL
and the plurality of battery modules BM.
[0052] If short-circuit of a pair of module terminals MT
of one of the battery modules BM causes a current ex-
ceeding the rating to flow through the battery module BM,
the module fuse MF blows out at a low current value in
a shorter time than the cell blocking portions CB to inter-
rupt the current as shown in Fig. 2 or Fig. 3. This config-
uration reduces interruption of the current by the cell
blocking portions CB, and so the battery modules BM
and the battery pack BP have more improved safety than
the conventional ones, and the battery cells BC also can
be protected more reliably.
[0053] The module fuse MF is in each of the bus bars
M20 connecting to the cell terminals CT of the plurality
of battery cells BC in the above example, and in this case,
the module fuse MF that is a narrow portion M23 of the
bas bar M20 as shown in Fig. 6 or Fig. 7 blows out. If a
current exceeding the rating flows through the battery
module BM, this configuration enables reliable interrup-
tion of the current with a simple configuration.
[0054] If an external short-circuit or an internal short-
circuit of a battery cell BC causes a current exceeding
the rating to flow through the battery cell BC, the cell
blocking portion CB interrupts the internal current path
of the battery cell BC and so keeps the safety of the bat-
tery cell BC. This means that the battery modules BM
and the battery pack BP have more improved safety than
the conventional ones, and the battery cells BC can be
protected more reliably.
[0055] As described above, each of the battery cells
BC making up the battery module BM includes the cell
container C10, the storage element C20 stored in the cell
container C10, the pair of cell terminals CT placed outside
the cell container C10, and the pair of connection termi-
nals C30 that electrically connects the pair of cell termi-
nals CT to the storage element C20. In the battery mod-
ules BM, each of the cell blocking portion CB is placed
between a cell terminal CT and a connection terminal
C30, and is the current interruption valve C40 configured
to interrupt the current path between the cell terminal CT
and the connection terminal C30 in response to an in-
crease in the internal pressure of the cell container C10.
[0056] In this case, if an external short-circuit or an
internal short-circuit of the battery cell BC causes a cur-
rent exceeding the rating to flow through the battery cell
BC, the internal pressure of the cell container C10 in-
creases, and so a pressure acting on the diaphragm C42
of the current interruption valve C40 increases. Then, if

the internal pressure of the cell container C10 exceeds
a predetermined pressure, the convex diaphragm C42
facing the inside of the cell container C10 is deformed to
buckle toward the cell lid C12.
[0057] The top of the convex diaphragm C42, that is,
the center portion of the diaphragm C42 that bulges to-
ward the connection C33 of the connection terminal C30,
is bonded to the inside of the annular groove C34 that is
the portion thinned by the recess of the connection C33
of the connection terminal C30. When the convex dia-
phragm C42 is deformed to buckle toward the cell lid
C12, stress is concentrated on the annular groove C34,
and the thinned portion of the connection C33 is cut at
the annular groove C34, so that the current path between
the diaphragm C42 and the connection terminal C30 is
cut off.
[0058] In this way, the current interruption valve C40
is placed in the current path inside the battery cell BC,
and if a current of a predetermined current value or higher
flows through the current path, the current interruption
valve C40 interrupts the current path. When the cell
blocking portion CB of the battery module BM is a narrow
portion of the terminal C32 of the connection terminal
C30, a current exceeding the rating flowing through the
battery cell BC blows out this narrow portion of the ter-
minal C32 of the connection terminal C30. That is, the
narrow portion of the terminal C32 is placed in the current
path inside the battery cell BC, and if a current of a pre-
determined current value or higher flows through the cur-
rent path, this configuration interrupts the current path.
[0059] In one example, as shown in Fig. 3, the battery
pack BP is configured so that the current value at which
the module fuse MF blows out is larger than the average
value of the current value at which the cell blocking por-
tion CB interrupts the current path inside the battery cell
BC and the current value at which the pack fuse PF blows
out. This configuration reduces blowout of the module
fuse MF or the interruption of the current by the cell block-
ing portion CB before blowout of the pack fuse PF more
reliably. This improves the robustness of the battery pack
BP, and so improves the reliability of the battery pack BP.
[0060] As described above, the present embodiment
provides a battery module BM having more improved
safety than the conventional battery pack and capable
of protecting the battery cells BC more reliably, and pro-
vides a battery pack BP including the battery module BM.
[0061] That is a detailed description of the embodi-
ments of the present invention with reference to the draw-
ings. The specific configuration of the present invention
is not limited to the above-stated embodiments, and the
design may be modified variously without departing from
the spirits of the present invention. The present invention
also covers such modified embodiments.

Reference Signs List

[0062]
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BC Battery cell
BM Battery module
BP Battery pack
C10 Cell container
C20 Storage element
C30 Connection terminal
C40 Current interruption valve
CB Cell blocking portion
CT Cell terminal
MF Module fuse
MT Module terminal
PF Pack fuse

Claims

1. A battery module comprising:

a plurality of battery cells;
a cell blocking portion in a current path inside
each of the plurality of battery cells, the cell
blocking portion being configured to interrupt the
current path in response to a current of a pre-
determined current value or higher flowing
through the current path;
a pair of module terminals connected to the plu-
rality of battery cells; and
a module fuse connected in series to the pair of
module terminals and the plurality of battery
cells,
wherein a current value at which the cell blocking
portion interrupts the current path is larger than
a current value at which the module fuse blows
out.

2. The battery module according to claim 1, wherein
the module fuse is in a bus bar connected to cell
terminals of each of the plurality of battery cells.

3. The battery module according to claim 1, wherein
each battery cell includes a cell container, a storage
element stored in the cell container, a pair of cell
terminals positioned outside the cell container, and
a connection terminal that electrically connects the
pair of cell terminals to the storage element, and
the cell blocking portion is placed between one of
the pair of cell terminals and the connection terminal,
and includes a current interruption valve configured
to interrupt the current path between the cell terminal
and the connection terminal in response to an in-
crease in internal pressure of the cell container.

4. A battery pack comprising:

at least one battery module; and
a pack fuse connected in series to the at least
one battery module;
the at least one battery module including: a plu-

rality of battery cells; a cell blocking portion in a
current path inside each of the plurality of battery
cells, the cell blocking portion being configured
to interrupt the current path in response to a cur-
rent of a predetermined current value or higher
flowing through the current path; a pair of mod-
ule terminals connected to the plurality of battery
cells; and a module fuse connected in series to
the pair of module terminals and the plurality of
battery cells,
wherein a current value at which the module fuse
blows out is larger than a current value at which
the pack fuse blow out, and a current value at
which the cell blocking portion interrupts the cur-
rent path is larger than the current value at which
the module fuse blows out.

5. The battery pack according to claim 4, wherein the
current value at which the module fuse blows out is
larger than an average value of the current value at
which the cell blocking portion interrupts the current
path and the current value at which the pack fuse
blows out.

6. The battery pack according to claim 4, wherein the
at least one battery module includes a plurality of
battery modules, and
the pack fuse is connected in series to the plurality
of battery modules.
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